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(54) Tripod constant velocity joint having ball modules 



(57) A tripot joint (1 0) includes a tripot housing (40) 
having a plurality of longitudinally extending ball chan- 
nels (50) for receiving a corresponding plurality of trun- 
nions (32) projecting from a shaft (14). Each trunnion 
(32) is fitted with a ball module (58) formed as aseparate 



subassembly from the trunnions (32). Each ball module 
(58) Includes a rollerball (60) having a bore (68) in which 
a plurality of needle bearings (72) is disposed. A bearing 
cage (74) is received with a snap-fit connection within 
the bore (68) to retain the needle bearing (72) within the 
roller ball (60) independently of the trunnions (32). 
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Description 

BACKGROUND OF THE INVENTION 

1 . Technical Field 

[0001 ] This invention relates generally to constant ve- 
locity joints and more particularly to stroking tripot joints 
wherein a set of flat balls mounted on respective trun- 
nions of a shaft assennbly stroke and pivot within asso- 
ciated longitudinal ball channels of a tripot housing. 

2. Related Art 

[0002] Half shaft assemblies are typically used in au- 
tomotive drive line applications, and particularly in front 
wheel drive applications to transmit torque from the 
transmission or transfer case to the drive wheels of the 
vehicle. The half shaft assembly typically comprises a 
rigid shaft fitted with constant velocity joints at its ends. 
A stroking tripot joint is typically used at the inboard end 
where the shaft assembly couples to the transmission 
or transfer case. The tripot joint is effective at permitting 
both pivoting angular movement and a certain amount 
of axial movement to accommodate adjustment In the 
effective length of the shaft assembly during operation. 
[0003] A typical tripot joint includes a tripot housing 
having three longitudinally extending ball channels. The 
housing has a stub shaft or splined sleeve extending 
from a closed end which connects with the transmission 
of the vehicle. The opposite end of the housing is open 
to receive a spider carried on the half shaft. The spider 
includes three radially outwardly extending trunnions 
which align with the ball channels of the housing. Each 
trunnion mounts a flat roller ball which is joumalled on 
the trunnion by a plurality of needle bearings. A washer- 
like ball retainer fits over the free end of the trunnions 
and is retained by a ring accommodated within a ring 
groove machined in the running surface of the trunnions 
adjacent the free end. The ball retainer is able to rotate 
on the trunnion and projects radially outwardly to con- 
front the bearings and roller ball to prevent the roller 
balls and needle bearings from being slid off the free 
end of the trunnions. 

[0004] The ball retainers and retaining rings thus op- 
erate to support the needle bearings and roller balls on 
the trunnions until such time as the spider assembly is 
installed within the housing of the joint. 
[0005] One disadvantage of the present ball retention 
system is that it adds cost and complexity to the manu- 
facture of tripot joints by requiring the trunnions to be 
machined to Include the retaining grooves and requires 
the additional components of the ball retainer and re- 
taining ring for each trunnion. 
[0006] There is also cost in handing and assembling 
the numerous loose needle bearings about the trunnion 
shafts and supporting them while installing the roller 
balls, ball retainers and retaining rings to ensure that 



they remain in position until the assembly Is complete. 
[0007] An object of the present invention is to over- 
come or greatly minimize the foregoing limitations of the 
present ball retention system for tripot joints. 
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SUMI^ARY OF THE INVENTION 

[0008] A constant velocity tripot joint according to the 
invention comprises a tripot housing having a plurality 
10 of longitudinally extending ball channels fomned therein, 
a spider having a plurality of trunnions projecting radially 
outwardly to free ends arranged to be received within 
the ball channels of the housing. The assembly includes 
a plurality of ball modules fomned as a separate, self- 
supporting structure from the trunnions and disposed 
thereon for receipt in the ball channels. Each ball mod- 
ule includes a flat roller ball having a bore, a plurality of 
needle bearings disposed within the bore, and a bearing 
cage coupled to the roller ball and supporting the needle 
bearings within the bore in rolling engagement with an 
inner surface of the bore. 

[0009] Unlike the standard tripot joints described 
above, tripot joints constructed according to the inven- 
tion include the described ball modules which are 
fornied as a separate preassembled unit apart from the 
trunnions. In this manner the assembly and construction 
of the joint is simplified by enabling the ball modules to 
be installed on the trunnions at a point just prior to the 
assembly of the spider into the housing. By providing a 
ball cage which retains the roller bearings within the 
bore of the roller balls, there is no longer the need to 
machine a retaining groove in each of the trunnions or 
to provide the ball retainer and retaining ring compo- 
nents for each trunnion as previously described. 
[0010] The invention recognizes the advantages of 
preassembling the bearings with the roller balls rather 
than on the trunnions which enables the ball modules to 
be separately manufactured and supplied as a pre-man- 
ufactured, self-contained component and which is no 
longer dependent for support on the ball retainer and 
retaining rings. 

[001 1] The invention further recognizes that the roller 
balls and bearings, once installed within the ball chan- 
nels, are supported against removal from the trunnions 
by the walls of a housing, and thus there is no need for 
longitudinal retention between the trunnion and the nee- 
dle bearings and/or roller balls. A further advantage of 
the invention is that the roller balls are free floating in 
the longitudinal direction of the trunnions and thus the 
movement of the joint is not restricted by interference 
between longitudinal displacement of the roller balls and 
confrontation with any ball retainers or retaining rings of 
prior joint assemblies. 

[001 2] The roller cage preferably includes two or more 
webs or struts extending along the inner surface of the 
roller ball which separate the roller bearings into groups 
and help guide and support the roller bearings during 
rotation of the roller balls to keep the roller bearings 
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aligned in the longitudinal direction of the trunnions. 
[0013] The invention further provides a method of 
making a tripot joint including providing a spider having 
a plurality of radially outwardly extending trunnions that 
fit within longitudinally extending ball channels of a tripot s 
housing, and forming a plurality of ball modules each 
including a roller ball having a plurality of needle bear- 
ings disposed within a bore of the roller ball and a bear- 
ing cage mounted to the roller ball to retain the needle 
bearings within the bore. The method includes dispos- 
ing one of the ball modules on each of the trunnions and 
then extending the trunnions and roller ball modules into 
respective ball channels of the housing. The method 
shares the same advantages described above over pri- 
or tripot joints and manufacturing methods. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] These and other features and advantages of 
the present Invention will become more readily appreci- 
ated when considered in connection with the following 
detailed description and appended drawings, wherein: 

Figure 1 Is an exploded perspective view of a tripot 
joint constructed according to the invention; 
Figure 2 is a fragmentary sectional view of an as- 
sembled joint of Figure 1 ; 
Figure 3 Is an enlarged perspective view of a bear- 
ing cage component of the assembly; 
Figure 4 is an enlarged exploded end view, shown 
partly in section, of components of the assembly; 
Figure 5 is an enlarged cross-sectional view along 
lines 5-5 of Figure 4 shown with the ball module 
shown installed on the trunnion; 
Figure 6 is an enlarged cross-sectional view of an 
alternative ball module construction; and 
Figure 7 is an enlarged end view of the bearing cage 
of Figure 6. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0015] A constant velocity tripot stroking joint con- 
structed according to the invention is shown generally 
at 1 0 in Figures 1 and 2 and comprises a half shaft as- 
sembly 12 having a rigid metal shaft 14 extending lon- 
gitudinally along an axis A between opposite axial ends 
16,18. A spider 20 is mounted on one of the ends 16. 
The spider 20 has an internally splined bore 22 which 
mates with an externally splined section 24 of the shaft 
14 adjacent the end 16. The splined connection fixes 
the spider 20 against rotation relative to the shaft 14. 
Retaining rings 26 are disposed in corresponding ring 
grooves 28 of the shaft 14 on either side of a body 30 
of the spider 20 to fix the spider 20 against relative lon- 
gitudinal movement on the shaft 14. 
[0016] A plurality of trunnions 32 project radially out- 
wardly from the body 30 along trunnion axis B trans- 



verse and preferably perpendicular to the axis A of the 
assembly 1 0. Referring to Figure 4, there are preferably 
three of such trunnions 32 spaced equal distantly from 
one another and extending from the body 30 to free ends 
34. The trunnions 32 have a cylindrical stub shaft con- 
struction with an outer cylindrical bearing surface 36. 
The trunnions 32 are preferably free of any retaining ring 
grooves adjacent their free ends 34. 
[001 7] The tripot joint 1 0 has a tripot housing 40 that 
has an open end 42 and a closed end provided by end 
wall 44 from which a drive connection such as a stub 
shaft 46 extends for connection to a drive member (not 
shown). 

[0018] The housing 40 has a side wall 48 extending 
from the end wall 44 to the open end 42 which is con- 
toured to provide a plurality of longitudinally extending 
ball channels 50 (preferably three) which are oriented 
with respect to the spider 20 to receive the trunnions 32 
therein through the open end 42. Each ball channel 50 
has laterally disposed running surfaces 52 which are 
spaced from one another and joined by a radially outer 
wall portion 54 of the housing 40. The ball channels 50 
are interconnected by radially Inwardly extending land 
portions 56. 

[001 9] The joint 1 0 Includes a plurality of ball modules 
58 associated with each of the trunnions 32. Each ball 
module 58 includes a roller ball element 60 (sometimes 
referred to as a "flat ball") having an outer generally cy- 
lindrical running surface 62 extending between opposite 
end faces 64,66 having a rotation axis. As Illustrated in 
the drawings, the outer running surface 62 is preferably 
somewhat ban^el-shaped such that when viewed in 
cross section along the axis B of the roller ball 60 and 
its associated trunnion 32, as best shown in Figure 4, 
the outer surface 62 has a slightly rounded convex pro- 
file between the end faces 64,66. The running surfaces 
52 of the ball channels 50 are also preferably rounded 
and thus slightly convexly curved when the housing 40 
is viewed along the longitudinal axis looking in through 
the open end 42. The curvature of the outer roller ball 
surface 62 and ball channel running surfaces 52 is 
known per se and may correspond to the surface pro- 
files commonly used or which may be used in the tripot 
ball joint art. In other words, the invention is not to be 
limited by the particular outer surface configuration of 
the roller balls 60 or the ball channels 50. 
[0020] Each roller ball 60 is formed with a bore 68 ex- 
tending along the longitudinal axis B between the end 
faces 64,66. The bore 68 has an inner running surface 
70 which Is cylindrical and oversized In relation to the 
outer diameter of the trunnions 32. A plurality of needle 
bearings 72 are disposed in the bore 68 of each roller 
ball 60. The needle bearings 72 are retained in the bore 
68 of the roller balls 60 by a bearing cage 74 in such 
manner that the roller ball 60, needle bearing 72 and 
bearing cage 74 can be assembled as a separate, self- 
contained unit or module apart from the trunnions 32, 
as best illustrated in Figures 4 and 5. 
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[0021] The bearing cage 74 mounts within the bore 
68 and preferably includes a pair of spaced end walls 
76 having an Inner edge 78 spaced radially inwardly of 
the inner surface 70 of the bore 68 of the roller ball 60 
in such manner as to confront the opposite ends of the 
needle bearings 72 to retain the needle bearings 72 
against inadvertent removal from the roller balls 60 in 
the direction of the longitudinal axis B. The end walls 76 
are thus disposed adjacent the end faces 64,66 of the 
roller ball 60 and project radially inwardly thereof to re- 
tain the needle bearings 72. 

[0022] The end walls 76 carry retaining features 80 
which are operative to engage the roller ball 60 to secure 
the bearing cage 74 within the bore 68. According to the 
first embodiment, the retaining features 80 comprise a 
plurality of locking tabs 82 projecting radially outwardly 
from an outer diameter surface 84 of the cage end walls 
76. The tabs 82 provide the bearing cage 74 with a ef- 
fective outer diameter slightly greater than the inner sur- 
face diameter 70 of the bore 68 of the roller ball 60. The 
end walls 76 are joined by a plurality of struts 86 which 
extend longitudinally between and interconnect to the 
end wall 76. The struts 86 have radially outer wall sur- 
faces 88 which engage the inner surface 70 of the bore 
68 when the cage 4 is installed in the roller ball 60. The 
struts 86 have side edges 90 which are spaced circum- 
ferentially from one another to provide open window re- 
gions 92 between adjacent struts 86. In the Illustrated 
embodiment, there are four such struts 86, between 
which are four windows 92. 

[0023] The bearing cage 74 may be fabricated of a 
resilient metal materia! such as spring steel or other met- 
al material providing sufficient elastic resiliency to ena- 
ble the cage 74 to be installed on the bore 68, or may 
be manufactured from other non-metallic materials such 
as glass-filled nylon or the like that would achieve the 
same purpose. The cage 74 Is Installed In the bore 68 
preferably by a snap-lock connection through engage- 
ment of mutual retention features of the cage 74 and 
roller ball 60 by forcing the locking tabs 82 at one end 
of the cage 74 into one end of the bore 68 and advancing 
it through the bore to the point where the locking tabs 
82 emerge from the other side, whereupon the tabs 82 
return outwardly and engage the end faces 64,66 of the 
roller ball 60 on opposite sides of the bore 68. 
[0024] Once the cage 74 is Installed In the bore 68, 
the open windows 92 are packed with grease and cor- 
responding sets of the needle bearing 72 are disposed 
therein and retained axially by the end walls 76 of the 
cage 74 and radially by the static friction of the packed 
grease. If desired, a cardboard keeper or the like may 
be inserted into the bore to further retain the needle 
bearing 72 until ready for use. 

[0025] The separately fonned ball modules 58 are slid 
onto the free ends 34 of the trunnions 32, and then ex- 
tended Into the ball channels as best illustrated In Figure 
2. It will be appreciated that the only structure supporting 
the roller ball 60 against removal from the trunnions 32 



once installed in the housing 40 Is the outer wall portions 
54 of the ball channels 50. There is no retainer or other 
structure carried on the trunnions 32 which would Inter- 
fere with the removal of the roller ball 60 from the free 

5 end 34 of the trunnions 32. It will be appreciated also 
that once the roller balls 60 are installed in the ball chan- 
nels 50. there is no need for any further retention of the 
roller ball 60 than that provided by the outer wall portions 
54 of the ball channels 50. 

10 [0026] Once advantage of the present invention is 
that the ball modules 58 can be manufactured separate- 
ly from the tmnnions 32 and can be readily incorporated 
Into the assembly of the joint 1 0 at the point just prior to 
installing the spider 20 within the housing 40. Just prior 

15 to installation, three of the ball modules 58 are slid on 
to the trunnions 32 and then guided into the ball chan- 
nels 50. The installation of the ball modules 58 can be 
readily incorporated into an automated assembly line, 
simplifying the process and reducing the labor involved 

20 in manufacturing tripot joints. 

[0027] The ball modules 58 ride in the channels 50 
and support the spider 20 and shaft 14 for angular piv- 
oting movement as well as axial displacement relative 
to the housing 40. During angulation, the modules 58 

25 are permitted to slide axially along the trunnions 32 in 
the direction of trunnion axis B to account for the change 
in distance for maintaining rolling contact with the ball 
channels 50. 

[0028] Figures 6 and 7 show an alternative bearing 

30 module 1 58, wherein the same reference numerals are 
used to represent like features, but are offset by 100. 
The bearing cage 1 74 is the same as the bearing cage 
74 of the first embodiment, except that the retaining fea- 
tures 180 are provided by radially outwardly undulating 

35 regions 94 of the end walls 1 76 adjacent struts 1 86, in 
lieu of the locking tabs 82. The outwardly projecting re- 
gions 94 operate in the same manner as the locking tabs 
82 by deforming elastically inwardly to accommodate In- 
sertion of the bearing cage 1 74 through the bore 68 and 

40 returning elastically outwardly to engage the opposite 
end walls 64,66 of the roller ball 60 to retain the bearing 
cage 1 74 within the bore 68. The bearing cage 1 76 oth- 
erwise operates and is used in the same manner as the 
bearing cage 74 previously described and shares the 

45 same advantages. 

[0029] Obviously, many modifications and variation of 
the present invention are possible In light of the above 
teachings. It is, therefore, to be understood that within 
the scope of the appended claims, the invention may be 

50 practiced othenwise than as specifically described. The 
Invention is defined by the claims. 



Claims 

55 

1 . Aconstant velocity tripot joint assembly comprising: 
a tripot housing (40) having a plurality of longl- 
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tudinally extending ball channels (50); 
a spider (20) having a plurality of trunnions (32) 
projecting radially outwardly to free ends (34) 
thereof arranged for receipt in said ball chan- 
nels (50); 

a plurality of ball modules (58) formed as a sep- 
arate self-supporting structure from said trun- 
nions (32) for receipt in said ball channels (50), 
each of said ball modules (58) including a flat 
roller ball (60) having a bore (68) with an inner 
diameter surface (70); 

a plurality of needle bearings (72) disposed is 
said bore (68); and 

a bearing cage (74) coupled to said roller ball 
(60) and supporting said needle bearings (72) 
within said bore (68) of said roller ball (60) in 
rolling engagement with said inner diameter 
surface (70) of said bore (68). 

2. The assembly of claim 1 wherein said cage (74) is 
formed separately from said ball (60) and thereafter 
assembled in fixed relation to said ball (60). 

3. The assembly of claim 1 wherein said cage (74) and 
said ball (60) have mutual retention features (80) 
which engage to secure said cage (74) within said 
ball (60). 

4. The assembly of claim 1 wherein said cage (74) has 
snap-lock features (80) engageable with said ball 
(60) to secure said cage (74) with a snap-lock fit to 
said ball (60) upon installation of said cage (74) 
within said bore (68). 

5. The assembly of claim 1 wherein said cage (74) in- 
cludes end walls (76) projecting radially Inwardly of 
said inner diameter surface (70) of said bore (68). 

6. The assembly of claim 5 wherein said needle bear- 
ings (72) have opposite ends and said end walls 
(76) project across at least a portion of said ends to 
retain said needle bearings (72) against removal 
from said bore (68) In an axial direction of said bore 
(68). 

7. The assembly of claim 5 wherein said cage (74) in- 
cludes a plurality of struts (86) extending across and 
joining said end walls (76) of said cage (74). 

8. The assembly of claim 7 wherein said struts (86) 
are spaced from one another to define an open win- 
dow (92) between adjacent struts (86). 

9. The assembly of claim 8 wherein said needle bear- 
ings (72) are accommodated within said cage win- 
dows (92) in rolling engagement with said inner di- 
ameter surface (70) of said bore (68). 
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10. The assembly of claim 1 wherein said cage (74) is 
fixed relative to said ball (60). 

1 1 . The assembly of claim 1 wherein said needle bear- 
s ings (72) are packed with grease. 

12. The assembly of claim 1 wherein said cage (74) 
supports said needle bearings (72) within said ball 
(60) independently of said trunnion (32) associated 

10 with said ball module (58). 

13. The assembly of claim 1 wherein said ball modules 
(58) rely for radially outward retention on said trun- 
nions (32) solely on said housing (40). 

15 

14. A method of making a tripot joint, comprising: 

providing a shaft (14) and a plurality of tmn- 
nions (32) projecting radially outwardly of the 
20 shaft (14); 

providing a tripot housing (40) having a plurality 
of ball channels (50) extending in a longitudinal 
direction of the housing (40); 
fomning a plurality of ball modules (58) sepa- 
25 rately from the trunnions (32) including forming 

a plurality of roller balls (60) each having a bore 
(68), installing a plurality of needle bearings 
(72) within the bore (68) of each roller ball (60), 
and mounting a bearing cage (74) on each roll- 
30 er ball (60) in such manner as to support the 

needle bearings (72) within the bores (68) of 
the roller balls (60); 

disposing one of the ball modules (58) on each 
of the trunnions (32); and 
35 extending the trunnions (32) and ball modules 

(58) within the housing (40) to dispose the roller 
ball (60) of each module (58) within an associ- 
ated ball channel (50) of the housing (40). 

40 1 5. The method of claim 1 4 including forming the bear- 
ing cage (74) and roller ball (60) with mutually en- 
gaging snap-lock retaining features (80) and where- 
in the bearing cage (74) is mounted with a snap- 
lock connection to the roller ball (60). 

45 

16. The method of claim 14 wherein the bearing cage 
(74) is mounted to the roller ball (60) by extending 
the bearing cage (74) through the bore (68). 

50 17. The method of claim 14 including fomriing radially 
outwardly projecting locking features (80) on oppo- 
site ends of the bearing cage (74) and engaging the 
locking features (80) of the cage (74) with ends of 
the roller ball (60) to retain the cage (74) against 
55 removal from the bore (68) of the roller ball (60). 

18. The method of claim 14 including fomnlng the cage 
(74) with a pair of end wails (76) and a plurality of 
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circumferentially spaced struts (86) extending be- 
tween and interconnecting the end walls (76) and 
providing windows (92) between adjacent struts 
(86), and disposing a plurality of the needle bear- 
ings (72) in each of the windows (92). 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



6 



EP1 219 845 A2 




7 



EP1 219 845A2 




8 



EP1 219 845 A2 





10 



